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Abstract The influence of sodium doping on the prop-
erties of bis(thiourea)zinc(II) chloride crystals has been
described. The reduction in the intensity observed in
powder X-ray diffraction of doped specimen and slight
shifts in vibrational frequencies confirm the lattice stress as
a result of doping. The incorporation of Na(I) into the
crystal lattice was confirmed by energy dispersive X-ray
spectroscopy. Surface morphological changes due to dop-
ing of the alkali metal are observed by scanning electron
microscopy. The TG–DTA studies reveal the purity of the
material and no decomposition is observed up to the
melting point. The high resolution X-ray diffraction studies
reveal that the crystalline quality is improved considerably
by doping with alkali metal. High transmittance is observed
and cut off k is *270 nm.
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Introduction
Bis(thiourea)zinc(II) chloride (BTZC) is a semi-organic
nonlinear optical (NLO) material which finds applications in
the area of laser technology, optical communication, data
storage technology and optical computing because it has high
resistance to laser induced damage, low angular sensitivity
and good mechanical hardness compared to many organic
NLO crystals [1–4]. Metal ion doped materials are currently
receiving a great deal of attention due to the rapid develop-
ment of laser diodes [5, 6]. Several foreign metallic cations
existing in the parent compounds with high valency and small
radii will affect the whole growth process and enhances
physical properties. Their effects are related with ionic radius,
electric charge, and frequency of solvent exchange [7–9].
The effect of doping on BTZC crystals has been studied
elaborately in the past few years [10–13]. Influence of pH on
the growth and characterization of BTZC crystal has been
reported [14–18]. BTZC crystals were grown by Sankar-
anarayanan-Ramasamy method and characterized [19, 20].
Thermal, microscopic, X-ray and spectral analyses are very
useful methods for materials characterization. Therefore,
many authors have applied these techniques for various
materials characterization [21–41]. In the present investiga-
tion, we have studied the effect of Na(I) on the lattice con-
stant, XRD profile, crystallite size, vibratonal patterns, EDS,
morphology and thermal properties of the BTZC crystal.
Experimental
Synthesis and crystal growth
BTZC was synthesized using AR grade zinc chloride and
thiourea in a stoichimetric ratio 1:2.
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The purity of the synthesized (BTZC) materials was
increased by successive recrystallization processes. Crystals
were grown by slow evaporation solution growth technique.
Doping of sodium (1 and 10 mol%) in the form of sodium
chloride was performed during the crystallization process.
The crystallization is took place within 15–20 days and the
crystals were harvested when they attained an optimal size
and shape.
Measurements
Powder XRD analysis was performed on a Philips Xpert
Pro Triple-axis X-ray diffractometer at room temperature
using a wavelength of 1.540 A˚ with a step size of 0.008.
The XRD data is analyzed by Rietveld method with RIE-
TAN-2000. Single-crystal X-ray diffraction was performed
using an ENRAF– NONIUS CAD 4 instrument. A multi-
crystal XRD developed at NPL [42] has been used to
record high-resolution diffraction curves (DCs). The FT-IR
spectra were recorded for all the samples including pure
BTZC using an AVATAR 330 FT-IR instrument using the
KBr pellet technique in the range 500–4,000 cm-1. UV–
Vis spectra were recorded using CARY 5E UV–Vis spec-
trophotometer. The surface morphology was observed on a
JEOL JSM 5610 LV scanning electron microscope. In the
SEM, the image is formed and presented by a very fine
electron beam, which is focused on the surface of the
specimen. At any given moment, the specimen is bom-
barded with electrons over a very small area. Simultaneous
TG–DTA curves were recorded on a SDT Q600 (TA
instrument) thermal analyzer. The TG–DTA curves were
simultaneously obtained in nitrogen at a heating rate of
10 C min-1.
Results and discussion
The growth rate of crystal is high with low concentration of
dopants while decreased with an increase in dopant con-
centration. Quite likely, at high concentrations of the
dopant, the adsorption film blocks the growth surface and
inhibits the growth process [43, 44]. Photographs
of as-grown pure and doped crystals are shown in Fig. 1.
FT-IR analysis
A close observation of FT-IR spectra of pure BTZC and
doped specimens reveal that doping generally results in
small shifts in some of the characteristic vibrational fre-
quencies (Fig. 2). It could be due to lattice strain developed
as a result of doping. The CN stretching frequencies of
thiourea (1,089 and 1,472 cm-1) are shifted to higher fre-
quencies for pure and Na?-doped BTZC crystals (*1,102
and *1,495 cm-1). The CS stretching frequencies (1,417
and 740 cm-1) are shifted to lower frequencies (*1,410 and
*715 cm-1) for pure and doped samples. These observa-
tions suggest that zinc coordinates with thiourea through
sulfur atom.
XRD analysis
The powder XRD patterns of Na(I)-doped samples are
compared with that of undoped one (Fig. 3). No new peaks
or phases were observed by doping with alkali metal
sodium. However, a drastic reduction in intensity is
observed as a result of doping. The most prominent peaks
with maximum intensity of the XRD patterns of pure and
doped specimens are quite different. The observations
could be attributed to strain in the lattice. The cell
parameters are determined from the single crystal X-ray
diffraction analysis and the values of the lattice constants
of pure and doped BTZC crystals are given in the Table 1.
The ionic radius of the dopant Na(I) (102 pm) is high when
Fig. 1 Photographs of as-grown BTZC crystals a pure b 1 mol%
Na-doped and c 10 mol% Na-doped
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compared with that zinc(II) (88 pm). The crystallite sizes
(t) are calculated using the Scherrer equation:
t ¼ kk=bCosh
where k is the Scherrer constant, k is the wavelength of
X-ray, h is the peak position measured in radian and b is
the integral breadth of the reflections (in radian h) located
at 2h. The crystallite size of crystalline domains which
diffract coherently is increased from *24 nm to *38 nm.
SEM and EDS analyses
The effect of the influence of dopants on the surface
morphology of BTZC crystal faces reveals structure defect
centers as seen in the SEM images (Fig. 4). SEM photo-
graphs of the doped specimen results in more scatter cen-
ters than that of the undoped specimen.
The incorporation of metals into the crystalline matrix
was confirmed by EDS performed on BTZC (Fig. 5). It
appears that the accommodating capability of host crystal
is limited and only a small quantity is incorporated into the
BTZC crystalline matrix.
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Fig. 2 FT-IR spectrum of BTZC crystals a pure b 1 mol% Na-doped
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Fig. 3 Powder XRD patterns of BTZC crystals a pure and
b 10 mol% Na-doped
Table 1 Values of lattice constants a, b, c, cell volume and crystallite size
Crystal a/A˚ b/A˚ c/A˚ Volume/A˚3 Cryst. size/nm
Pure BTZC 12.80 12.62 5.78 934 24.12
Doped BTZC 12.99 12.73 5.87 970 38.03
Fig. 4 SEM images of BTZC crystals a pure and b 10 mol%
Na-doped
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Thermal studies
The absence of water of crystallization in the molecular
structure is indicated by the absence of mass loss around
100 C (Fig. 6a, b). Melting point of the sample is slightly
lowered in the case of Na?-added BTZC (Fig. 6b). A good
thermal stability of the material is observed up to *220 C
and the thermal behaviour is not very much altered in the
presence of the dopant, sodium. No decomposition up to
the melting point ensures the suitability of the material for
application in lasers where the crystals are required to
withstand high temperatures.
Optical transmission studies
The UV spectrum reveals that the cut off wavelength is
*284 nm (Fig. 7). Transmittance is maximum in the
300–1,100 nm region. It appears that the doping does not
destroy the optical transmission. No significant k max shift
is observed.
HRXRD
Figure 8a shows the high-resolution diffraction curve (DC)
recorded for a typical BTZC single crystal specimen using
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Fig. 5 EDS spectrum of 10 mol% Na-doped BTZC
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Fig. 6 TG–DTA curves of BTZC crystals a pure and b Na-doped
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Fig. 8 HRXRD patterns recorded for a pure BTZC and b 10 mol%
Na-doped BTZC
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(200) diffracting planes in symmetrical Bragg geometry.
The solid line (convoluted curve) is well fitted with the
experimental points represented by the filled circles. On
deconvolution of the diffraction curve, it is clear that the
curve contains two additional peaks, which are 1,018 and
168 arc s away from the main peak. These two additional
peaks correspond to two internal structural low angle
boundaries whose tilt angles are 1,018 and 168 arc s from
the main crystal block. The FWHM (full width at half
maximum) of the main peak and the low angle boundaries
are 344 and 730 and 44 arc s, respectively. Though the
specimen contains low angle boundaries, the relatively low
angular spread of around 2,000 arc s (around half a degree)
of the diffraction curve and the low FWHM values show
that the crystalline perfection is reasonably good. The
effect of such very low angle boundaries may not be very
significant in many device applications, but for applications
like phase matching, it is better to know these minute
details regarding crystalline perfection.
Figure 8b shows the high-resolution diffraction curve
(DC) recorded for doped specimen using (020) diffract-
ing planes in symmetrical Bragg geometry by employing
the multicrystal X-ray diffractometer described above
with MoKa1 radiation. As seen in the figure the DC is
quite sharp without any satellite peaks which may
otherwise be observed either due to internal structural
grain boundaries [45] or due to epitaxial layer which
may sometimes form in crystals grown from solution
[46]. The full width at half maximum (FWHM) of the
diffraction curves is 18 arc sec, which is very close to
that expected from the plane wave theory of dynamical
X-ray diffraction [47]. The single sharp diffraction curve
with very low FWHM indicates that the crystalline
perfection is extremely good. The specimen is a nearly
perfect single crystal without having any internal struc-
tural grain boundaries.
Conclusions
The influence of sodium-doping on the BTZC crystal has
been studied. A close observation of XRD and FT-IR
profiles of doped and undoped specimens reveals some
minor structural variations. These studies indicate that the
crystal undergoes considerable lattice stress as a result of
doping. Energy dispersive spectrum reveals the incorpo-
ration of Na(I) in the crystalline matrix of BTZC crystals.
SEM images reveal that the external morphology of BTZC
crystal is changed by doping. The thermal stability of the
material is not altered much by doping. UV–Visible study
shows that the transparency is slightly affected by the
dopant.
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